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(57) ABSTRACT 

A low inductance integrated circuit package such as a ball 
grid array package in which is provided a electronic device 
Uiat cnbanccs performance on an integrated circuit mounted 
in the die attachment region of the package. The electronic 
device may be either passive or active and may include such 
devices as sensors, Zener diodes, voltage regulators, chip 
based devices, etc. Provision of such devices in a ball grid 
array package creates a cost effective way of improving the 
performance on an integrated circuit mounted m that pack- 
age. 

14 Claims, 2 Drawing Sheets 
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BALL GRID ARRAY PACKAGE WITH It is another object of the present invention to provide an 

SUPPLEMENTAL ELECTRONIC integrated circuit package such as a ball grid array in which 

COMPONENT external components are placed dose to the integrated 

circuit, thereby reducing parasitic affects and coupling noise, 

CROSS-REFERENCED TO RELATED 5 cte. 

APPLICATIONS It is another object of the present invention to provide an 

integrated circuit padcagc that aflfords a low cost, easily 

The present application is a continuation in part of U.S. implemented manner of providing additional electronic 

patent application Ser. No. 08/960,735, filed Oct. 30, 1997, fiinctions inside of the package. 

by Tamio Humphrey and James C. Hudton and entitled Low n is also an object of the present invention to provide an 

Noise Ball Grid Array Padcage. integrated circuit package that includes componentry previ- 
ously placed on a printed circuit board to permit reduction 

FIELD OF THE INVENTION of the size of the printed circuit board and the product in 

-nie present invention relates to baU grid arrays and more "^^^ P?°^«* board is mounted, 

specifically to enhancing the performance of an integrated is Jhese and related objects of the present mveation are 

ckcuit mounted in a ball grid array. by use of a ball grid array package with supple- 

^ ^ mental electronic components as descnbed herem. 

BACKGROUND OF THE INVENTION embodiment, the present invention includes a low 

inductance integrated circuit package having a platform; a 

Ball grid arrays (BGA) and the like are a known type of die attachment region formed on a first side of the platform; 

integrated circuit package. Atypical ball grid array includes ^ a plurality of low inductance mounting members form on a 

a platform having a die attachment region provided thereon. second substantially opposite side of the platform; and a 

The area in which the die attachment region is located is supplemental electronic device provided on said first side of 

generally referred to as the cavity, while the peripheral area the platform that enhances performance on an integrated 

around the cavity is generally referred to as the border. A circuit in said die attachment region, 

plurality of contact pads arc usually placed towards the In another embodiment, the present invention includes a 

periphery of the cavity and these pads are connected by ball grid array apparatus having a platform with a cavity 

internal conductors to conductive "balls'' on the backside formed on a first side thereof; a die attachment region 

(underside when mounted) of the platform. "Hie conductive formed in said cavity; a plurality of low inductance balls 

balls are normaUy arranged in a grid pattcm, hence the name ^^J^^ ^ second substantively opposite side of the 

ball grid array, and provide a relatively low inductance platform; a ground and a powcT conductor provided adjacent 

elearical comiection between the contact pads of the cavity die attachment region; and an electronic device coupled 

and the traces of a printed circuit board or the like. °f ^'^'^^^^^ P™^*J«d pioxmiatc said die 

„ „ . , . , « . . attachment region. 

Ball gnd arrays were developed as a mechanism that (1) -r^ i . ■ j • u . - ^ • 

* -iv . « • . I . • . u u'ls A, * e The electromc device may be any passive or active device 

facilitates efficient placement, mterchangeability and test of , -ij ■ ^ , 

^ J . V J //»\ J. ..1. -i- 1 J • J and may include a resistor, an inductor, a resistor-capacitor 

integrated arcuits and (2) reduces the parasitic lead mduc- . . . • j . • • a , 

' J -.L • • . - 5 • . • . -1 cucuit, a resislor-capacitor-mduclor circuit, an mductor- 

tance associated with prior integrated circuit to prmted .* ■ j ^ 

.... n L 1. r.L' . • 1 capacitor circuit, a diode, a Zener diode, and/or a capacitor, 

circuit board mountings. Perhaps as a result of this historical P^^.^.^^ J^^.^^ ^; ^ ^ J 

development, ball gnd arrays are typica ly viewed merely as ^ ^^^^ ^^^.^^ J^^^^^ ^^^^^^^^ ^^^.^^ p^^^^.^^ 

a package providing electrical conduits that distribute the ^ J device on a low inductance integrated circuit mount- 

pm out of an integrated cu"cuit to appropnate locations on a . , ^ ar r l • 

^ . " . . . ^ , r^, • J • . u .u ing package provides a cost cflfcctivc manner of enhancing 

pnnted circui board. Electromc devices that enhance the ^ ^ f ;„#«„„i-^ ;« =,.^k , 

^ r c • . . J u the performance of an integrated circml provided m such a 

performance of an integrated circuit, such as filters, ^ tr 

regulators, sensors, protection and noise suppression pacKagc. . . . 

circuits, etc., have conventionally been placed on the printed A method of forming a low inductance integrated circuit 

circuit beard to which the integrated circuit and ball grid P*<^^« presented. _ _ 

array arc mounted or they arc fabricated in the silicon (or atuinment of the foregoing and related advantages 

other semiconductor material) of the integrated circuit. This "d features of the invention should be more readdy appar- 

practice, however, is disadvantageous in that it uses up ^o those skilled in the art, after review of the foUowing 

valuable printed circuit board and/or integrated circuit real more detailed description of the invention taken together 

estate. In an effort to aUcviatc this problem (i.e., to conserve with the drawmgs. 

real estate), a designer may choose not to include the BRIEF DESCRIPTION OF THE DRAWINGS 

componentry though this results in poorer circuit pcrfor- j ^ perspective view of a low inductance inte- 

mance.Aneed thus ex^te to utihze ball gnd arr ^^^^^ ^j^^ ^^^^^ ^^j^ ^ ^ 

than a mere package of distnbuted conduits m which signal ^^^^j^,, ^^J^^ 

processing is not provided. ^^^^ 2-7 are schematic diagrams of supplemental elec- 

SUMMARY OF THE INVENTION tronic componentry that may be provided in the low induc- 
tance integrated circuit mounting padcage or ball grid array 

Accordingly, it is an object of the present invention to pj^. l in accordance with the present invention, 

provide an integrated circuit package such as a ball grid 60 piG. 8 is a plan view of the low inductance integrated 

array package that mcludes one or more supplemental ^-^-^ mounting package or ball grid array of FIG. 1 that 

electronic components that enhance the performance of an illustrates supplemental electronic components provided 

integrated circuit within the ball grid array package. therewith. 

It is another object of the present invention to provide an nF«;ri?rpnn>J 

integrated circuit package such as a baU grid array package 65 1 AJLhU Ub6(..Rlf 1 lUM 

that has a passive and/or active electronic device provided Referring to FIG. 1, a perspective view of a low induc- 

thereon or therein. tanoe integrated circuit mounting package or a ball grid 



11/19/2003, EAST Version: 1.4.1 



us 6,476,486 Bl 

3 4 

array 10 in accordance with the present invention is shown. integrated circuit package such as a ball grid array package 

Ball grid arrays are normally made of plastic or ceramic or in accordance with the present invention is shown. Zener 

other suitable material as is known. Ball grid array 10 is diode Z2 or like components provide noise suppression or 

preferably made of plastic to facilitate the low cost produc- reduction in the power conductor and function by shunting 
lion of integrated circuit packaging. The use of supplemental 5 overcurrenls in the power supply network to ground. Zener 

electronic components as discussed herein in combination diode 72 is preferably coupled between the power and 

with a low cost package achieves a low cost manner of ground rings 17,15. 

improving circuit performance. Referring to FIG. 7, a schematic diagram of a supple- 

BaD grid array 10 includes a die attachment region or mental voltage regulator provided in an integrated circuit 

cavity 12, which is preferably surrounded by a border 14. A package such as a ball grid array package in accordance with 

plurality of conductive balls 16 arc provided on a mounting the present invention is shown. Voltage regulator VRl is 

surface of the ball grid array and these balls are connected preferably provided between the power supply coDductoi(s) 

through interna] conductors to exposed contact pads 18 in and ground. Suitable voltage regulators and the like are 

cavity 12. An integrated circuit 20 is mounted within cavity known in the art 

12 using known mounting techniques and a ground ring 15 »s Referring to FIG. 8, a plan view of a low inductance 

and a power ring 17 or the like are typically provided around integrated circuit, mounting package or a ball grid array 

the integrated circuit for deUvciy of these signals to the package having supplemental electronic components in 

circuit. The grotmd and power rings may be partial, firag- accordance with the present invention is shown. Several of 

mcnted or complete. A pluraUty of contact pads 21 (labeled the features or elements shown in FIG. 1 arc shown in FIG. 
in FIG. 8) are shown around the periphery of integrated 20 8. These include cavity 12, border 14, ground ring 15, power 

circuit 20. These pads are preferably connected to contact ^ng 17, contact pads 18 and integrated circuit 20. 

pads 18 of the ball grid array and to the supplemental a plurality of conductive traces 13 arc shown coupled to 

electronic components (discussed below) by wire leads. To ^^^^^^^ ^^^^ exposed portions of the internal 

reduce crowding in FIG. 1. less than the conventional conductors that connect conductive balls 16 (FIG. 1) to 
number of contact pad and wire leads are shown and the 25 contact pads 18. Ball grid array 10 may also contain internal 

leads and conUct pads 21 arc not labeled. conductors that are wholly unexposed (connecting through 

As discussed in more detail below with reference to FIGS. yias to the underside of a contact pad 18). 
2-8, one or more circuit components are provided on ball ^ aUuded to above, the present invention includes pro- 
grid array 10, preferably within cavity 12, to enhance the components on or within ball grid array 10 that 
performance of mtegrated arcuit 20. It is to be understood ^^^^ performance. The components may perform 
that Oie components of FIGS 2-« are implemented m cavity Unctions related to filtering, noise suppression, signal gen- 
12 of baU gnd array 10 of FIG. 1. ^^^^^^ ^ ^ oth^r. While the components may be added within 

Referring to FIG. 2, a schematic diagram of a- supple- the ball grid array during fabrication, io a preferred embodi- 

mental resistor Rl provided in an integrated circuit pacfaige ment the components are mounted in or near the exposed 

such as a ball grid array padcage in accordance with the cavity region after initial BGA formation. Such a practice 

present invention is shown. Resistor Rl is prefierably any of provides many benefits inchiding, but not limited to, forma- 

a type of known resistive elements including chip resistors, ^Iq^ of non-custom baU grid array packages, reduced ball 

conductive strip resistors, etc. Resistor Rl is coupled grfd array fabrication costs, ease of access to components 

between a contact pad 18 of the ball grid array and contact and their placement locations and interchangeability of 

pad 21 of the integrated circuit. components, etc. The components may be active and/or 

Referring to FIG. 3, a schematic diagram of a 30 supple- passive as discussed in more detail below and may be 

mental inductor LI provided in an integrated circuit package provided as discreet devices or within integrated circuits or 

such as a ball grid array package in accordance with the "chips". The components are preferably surface mounted 

present invention is shown. Inductor LI is preferably any of using standard surface mount assembly techniques. Several 

a type of known surface mount inductors or the like and is representative components and representative arrangements 

coupled between a ball grid anay contact pad 18 and an are now discussed. The representative examples are 

integrated circuit pad 21. intended to be illustrative of various embodiments of the 

Referring to FIG. 4, a schematic diagram of a supple- present invention and to be in no way limiting. It would be 
mental resistor- capacitor circuit provided in an integrated 50 evident to one skilled in the art to utilize other types of 

circuit package such as a ball grid array package in accor- components in or on a ball grid array to achieve a desired 

dance with the present invention is shown. TTic resistor- signal processing given the teachings herein, 

capacitor circuit may function as a filter circuit and may be Referring more specifically to the upper left hand comer 

comprised of discreet components R1,C1 or provided as a of FIG. 8, an implementation of Rl (of FIG. 2 or FIG. 4) is 
chip RC circuit (RCl of FIG. 8), etc. 55 shown. Rl is coupled between a contact pad 18 and a 

Referring to FIG. 5, a schematic diagram of a supple- supplemental contact pad 31. The supplemental contact pad 
mental signal line coupled Zener diode Zl provided in an is coupled to a contact pad 21 of the integrated circuit, 
integrated circuit package such as a ball grid array package Supplemental contact pads (31,32,33) are essentially con- 
in accordance with the present invention is shown. Zener ductive areas formed on an exposed surfece of the ball grid 
diode Zl provides signal line noise suppression or reduction 60 array and may be provided in a uniform or non-uniform 
and is preferably coupled to a signal line between contact pattern. The supplemental contact pads provide additional 
pads 18,21 in such a manner as to shunt over currents in that surfaces for mounting some of the supplemental electronic 
signal line to ground. Suitable surface mount Zener diodes components discussed herein. 

or the like or related noise suppression devices are known in Capacitor CI is shown coupled to (i.e., mounted on) 
the art. 65 ground ring 15 and the same contact pad 18 to which Rl is 

Referring to FIG. 6, a schematic diagram of a supple- connected. The arrangement of CI is this manner forms the 

mental power conductor Zener diode Z2 provided in an resistor-capacitor circuit of FIG. 4. 
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Inductor LI is shown coupled between a contact pad 18 
and a supplemental contact pad 31 that is in turn coupled to 
a contact pad of the integrated circuit. A capacitor C3 is 
shown coupled between the ground and power rings 15,17 
for EMI suppression. 

Components R2,L2,C2 fonn a RLC filler drcuit The 
inductor may be a surface mount device or the like or an 
inherent characteristic of the wire lead that connects 
between the supplemental contact pad and the integrated 
circuit. Capacitor C2 is shown coupled between the supple- 
mental contact pad and the ground ring as opposed to being 
mounted on the ground ring like CI. 

RCl represents a chip RC circuit. If desired the chip of 
RCl could be fabricated to include an inductor or another 
arrangement of devices. A paired supplemental contact pad 
32 is provided to signal line input and output. Chip RCl is 
also coupled to the ground ring. 

Zener diode Zl is coupled between a contact pad 18 of the 
ball grid array and a contact pad 21 of the integrated circuit. 
Zl provides signal line noise suppression. 

Zener diode Z2 is provided between the ground and 
power conductors 15,17 and provides a similar function. A 
voltage regulator VRl may also be provided between the 
ground and power conductors. 

SI, S2 and S3 represent sensors. Sensor SI is coupled to 
random supplemental contact pads 31 and between first and 
second signal lines (e.g., input and output) of integrated 
circuit 20. Sensor 82 receives power and ground and outputs 
a signal to the integrated circuit. Sensor S3 is coupled 
between a first and a second signal and receives power and 
ground. 

Sensors S1-S3 may be temperature, light, camai or 
voltage or other types of sensors or the like and may function 
as stand alone units or in combination with other known 
circuit components, not shown. The sensors preferably pro- 
vide information related to integrated circuit performance. 
For example, sensor 56 may be a temperature sensor and 
logic within integrated circuit 20 may be programmed to 
operate at a reduced power mode when sensor 56 indicates ^ 
a temperature that is above a predetermined threshold. 

Sensors S1-S3 are presented as examples of the present 
invention. It should be recognized that the components 
indicated as S1-S3 could alternatively be another electronic, 
electromechanical or electromagnetic device including an 
integrated circuit performing a non-sensing function, etc. 
Placement of various components including smaller surface 
mount integrated drcuits and/or other devices within a ball 
grid array package permits the fomiation of low cost pack- 
ages with enhanced circuit performance. 

In normal use, integrated circuit 20 typically has many 
more contact pads 21 than those shown. These contact pads 
are connected by wire lead Uncs to contact pads 18 of the 
ball grid array and to the ground and power conductors as 
appropriate. Due to the presence of these wire lead lines, the ss 
arrangement or placement of the various supplemental com- 
ponents discussed herein must accommodate requisite lead 
line connections. Hence, the provision of supplemental 
components near the corners or other regions of the cavity 
in which they do not interfere with connecting lead lines is 
preferred. Zener diode Z3 is shown in the lower left-hand 
corner. 

FIG. 8 also illustrates a supplemental ground conductor 
15' and an electronic device 37 coupled between that con- 
ductor and a contact pad 21. An electronic device 38 is also 
shown between power conductor IS and a contact pad 21. 
Electronic devices 37^8 may be pull up or pull down 



resistors or capacitors or any other suitable electronic 
device. A representative diode Dl is also illustrated in FIG. 
8. The diode may be coupled within a signal line or 
otherwise as known in the art. 
s While the invention has been described in connection 
with specific embodiments thereof, it will be understood that 
it is cap2±>le of further modification, and this application is 
intended to cover any variations, uses, or adaptations of the 
invention following, in general, the principles of the invcn- 
10 tion and including such departures &om the present disclo- 
sure as come within known or customary practice in the art 
to which the invention pertains and as may be applied to the 
essential features hereinbefore set forth, and as fall within 
the scope of the invention and the limits of the upended 
claims. 
What is claimed is: 

1. A bw inductance integrated circuit package, compris- 
ing: 

a platform having a first side and a second side, said 
second side being disposed generally opposite said first 

side; 

a cavity region formed on said first side of said platform, 
said cavity being substantially surrounded by a border 
region and including a die attachment region positioned 
therein; 

a plurality of contact pads provided at said cavity region 
for coupling to an integrated circuit provided at said die 
attachment region; 
a plurality of low inductance mounting members for 
electrically mounting said platform, each of said low 
inductance mounting members being coupled to one of 
said plurality of contact pads via internal conductors; 
a power conductor provided at said cavity r^on proxi- 
mate said die attachment region and coupled to at least 
one of said low inductance mounting members, said 
power conductor being provided on substantially all 
horizontally disposed sides of said die attachment 
region; 

a ground conductor provided at said cavity region proxi- 
mate said die attachment region and coupled to at least 
one of said low inductance mounting members, said 
groimd conductor being provided on substantially all 
horizontally disposed sides of said die attadiment 
region; and 

a supplemental electronic device provided at said cavity 
region at least in part between said die attachment 
region and said border region that enhances perfor- 
mance on an integrated circuit in said die attachment 
region, said supplemental electronic device includes 
one or more of the group of electronic devices includ- 
ing: 

a resistor, 
an inductor, 

a resistor-capacitor circuit; 
a resistor-capacitor-inductor circuit; 
an inductor-capadtor drcuit; 

a sensor; 
a diode; 

a Zener diode; and 
an active device. 

2. The integrated circuit mounting package of claim 1, 
wherein said power and ground conductors are provided in 
a substantially parallel relationship with one another at said 
cavity region. 

3. The integrated circuit mounting package of claim 1, 
further comprising an integrated drcuit mounted at said die 
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auacbmenl regioa and wherein said supplemental electronic 
device is a sensor that jpunctions in conjunction with said 
mounted integrated drcuit. 

4. The integrated circuit mountii^ package of claim 1, 
wherein said supplemental electronic device is provided in 
an integrated circuit. 

5. The integrated circuit mounting package of claim 1, 
wherein said supplemental electronic device is coupled at 
said cavity region to at least one of said power and ground 
conductors. 

6. The integrated circuit mounting package of claim 1, 
wherein said low inductance mounting members are pro> 
vided on said second side of said platform. 

7. The integrated circuit mounting package of claim 1, 
wherein said cavity is recessed. 

S. A low inductance integrated circuit package apparatus, 
comprising: 

a platform having a first side and a second side, said 
second side being disposed generally opposite said first 

side; 

a die attachment region formed on said first side of said 
platform; 

a plurality of contact pads provided about said die attach- 
ment region for coupling to an integrated circuit pro- 
vided at said die attachment region; 

a plurality of low inductance moimting members formed 
on said platform, each coupled by an internal conductor 
to one of said plurality of contact pads; 

a power conductor provided on said first side of said 
platform and on substantially all horizontally disposed 
sides of said die attachment region; 

a ground conductor provided on said first side of said 
platform and on substantially all horizontally disposed 
sides of said die attachment region; and 
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an electronic device coupled to one of said contact pads 
and provided adjacent said die attachment region, said 
electronic device provided to enhance performance on 
an integrated circuit mounted at said die attachment 
region, said electronic device includes inchiding or 
more of the group of electronic devices inchiding: 
a resistor, 
an inductor; 

a resistor-capacitor circuit; 

a resistor-capacitor-inductor circuit; 

an inductor-capadtor drcuit; 

a sensor, 

a diode; 

a Zener diode; and 
an active device. 

9. The apparanis of claim 8, wherein said die attachment 
region is surrounded by a border region formed towards the 
perq}hery of the platform and said elecUronic device is 
provided proximate said die attachment region substantially 
between said die attachment region and said border region. 

10. The apparatus of claim 8, wherein said electronic 
device is a sensor that functions in conjunction with an 
integrated circuit provided in said die attachment region. 

U. The apparatus of claim 1, wherein said electronic 
device is provided in an integrated circuit. 

12. The apparatus of claim 1, wherein said low inductance 
mounting members are provided on said second side of said 
platform. 

13. The apparatus of claim 8, wherein said electronic 
device is coupled to at least one of said power and ground 
conductors. 

14. The apparatus of claim 8, wherein said power and 
ground conductors are arranged in a substantially parallel 
manner about said die attachment region. 



11/19/2003, EAST Version: 1.4.1 



(12) United States Patent 

Koch 



US006175509B1 

(10) Patent No.: US 6,175,509 Bl 
(45) Date of Patent: ^Jan. 16, 2001 



(54) SPACE EFnCIENT LOCAL REGULATOR 
FOR A MICROPROCESSOR 

(75) [nventor: James K. Koch, Rocklin, CA (US) 

(73) Assignee: Hewlett-Packard Company, Palo Alto, 
CA(US) 

( * ) Notice: Tbis patent issued on a continued pros- 
ecution application filed under 37 CFR 
1.53(d), and is subject to the twenty year 
patent term pnsviaons of 35 U.S.C. 
154(aX2). 

Under 35 U.S.C 154(b), the term of this 
patent shall be extended for 0 days. 

This patent is subject to a terminal dis- 
claimer. 

(21) Appl. No.: 08/856,312 

(22) FUed: May 14, 1997 

(51) Int. CI.'' H05K 7/02; H05K 1/16; 

HOIR 4/60 

(52) U.S. CI 361/809; 174/260; 174/71 B; 

174/72 B; 361/807; 361/810; 361/775; 

439/212 

(58) Field of Search 174/260, 71 B, 

174/72 B, 88 B, 99 B, 70 B; 361/748, 760, 
761, 762, 807, 809, 811, 753, 772. 773, 
774, 783, 789, 803, 826, 775; 439/212 

(56) References Cited 

U.S. PATENT DOCUMENTS 
4,008,365 2/1977 Carlson 174/68.2 



4.758,927 ♦ 7/1988 Beig „ 361/761 

4,867,696 9/1989 Demler, Jr. et al 439/212 

4,981,449 1/1991 Butcfatei 439/724 

5,184,284 • 2/1993 Ashelin ct al 174/260 X 

5,290,971 • 3A994 Hamagucbi et al 174/260 X 

5,313,367 * 5/1994 Isbiyama 361/772 

5,317,479 * 5/1994 Pai et aL _ 174/260 X 

S.430,614 • 7/1995 Difrancesco 174/260 X 

6,024,589 • 2/2000 Hahn, IV et al 439/212 

* cited by examiner 

Primary Examiner— Hywag-Suh Sough 

(74) Attorney, Agent, or Firm — Denise A. Lee 



(57) 



ABSTRACT 



The present invention is a mounting platform for placement 
of a first device on a first plane in close proximity to a second 
device on a second plane. In the preferred embodiment, the 
first device is a voltage regulator circuit, the second device 
is a microprocessor, the first plane is the surface of the 
platform printed circuit board (PC6), and the second plane 
is the surface of the base printed circuit board, lypically the 
microprocessor is electrically coupled to the base printed 
circuit board and the voltage regulator circuit is electrically 
coupled to the platform printed circuit board. The mounting 
platform is mounted as a mezzanine over the base printed 
circuit board on the platform printed circuit board. Mounting 
the voltage regulator in tbis way allows the voltage regulator 
output to be placed adjacent to the microprocessor chip 
while at the same time minimizing the amount of valuable 
board space that is used. 

IS Claims, 5 Drawing Sheets 
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SPACE EFFICIENT LOCAL REGULATOR 
FOR A MICROPROCESSOR 

REFERENCE TO RELATED APPUCAnON 

Reference is made to the foUowing co-pending and com- 
monly assigned UJS. patent application entitled: POWER 
BUS BAR FOR PROVIDING ALOW IMPEDANCE CON- 
NECTION BETWEEN A FIRST AND SECOND 
PRINTED CIRCUIT BOARD. Ser. No. 08/856^00. now 
U.S. Pat. No. 6,024.589 May 14, 1997. 

BACKGROUND OF THE It^VENTION 
Modem microprocessors require the output of high cur- 
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surface of the platform printed circuit board (PCB), and the 
second plane is the surface of the base printed circuit board. 
Typically the microprocessor is electrically coupled to the 
base printed circuit board and the voltage regulator circuit is 
electrically coupled to ihe platform printed circuit board. 
The mounting platform is mounted as a mezzanine over the 
base printed circuit board on the platform printed circuit 
board. Mounting the voltage regulator allows the voltage 
regulator output to be placed adjacent to the microprocessor 
chip while at the same time minimizing the amount of 
valuable board ^ace that is used. 

The mounting platform forms a "table" over the second 
plane and is typically comprised of a platform top and a 
plurality of elongate legs that are soldered or otherwise 



rent at relatively low voltage levels, typically in the range of is connected to the platform top. TVpically, the platform top of 

the mounting platform includes of a platform printed circuit 
board having a power plane and a grotmd plane. Similarly, 
the base printed circuit board also includes a power plane 
and a ground plane. The plurality of elongate legs electri- 
cally connect the power plane of the platfomi PCB to the 
power plane of the base PCB and electrically connect the 
ground plane of the platform PCB to the ground plane of the 
base PCB. 

The plurality of elongate legs that are connected to the 
platform top typically includes an output power leg, an input 
power leg, and at least a first support leg. Both the input 
power leg and the output power leg are comprised of a first 
conductor, a second conductor and an insulator positioned 
between the first and second conductors. The first and 



zero to five volts. Further, although microprocessor requires 
high current, the current demands for requirements fluctuate 
widely. For example, in the sleep or idle mode a micropro- 
cessor might require currents in the range of O.S A to 5 A 
while a microprocessor in a faster computing mode might 
require currents in the range of 10 A to 100 A. However even 
though current requirements fluctuate widely, microproces- 
sor specifications require that the voltage limits remain 
relatively stable, no matter what the operational mode of the 
microprocessor. 

Requirements for tight voltage regulation in response to 
highly variable current demands mean that the main power 
supply output can no longer be fed directly to the micro- 
processor. Instead, a voltage regulator is used to deliver a 
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tightly controUed voltage to^ the microprocessor. A local 30 g^^ond conductors of the input and output power legs form 

a low impedance transmission line. The high dielectric 
constant of the insulator positioned between the first and 
second conductors provides distributed capacitance between 
the first and second conductors, lowering the AC impedance 
and improving the transient response. 

Preferably, the first input conductor and the first output 
conductor are electrically coupled to the power plane of the 
platform printed circuit board. Similarly, the second input 
conductor and the second output conductor are electrically 
coupled to the ground plane of the platform printed circuit 
board. The input power leg of the mounting platform carries 
power to the voltage regulator. The output power leg of the 
mounting platform carries the output power of the voltage 
regulator to the microprocessor. 

In the preferred embodiment, the platform top is com- 
prised of a platform printed circuit board and a platform 
conductive frame. In the preferred embodiment, the second 
input conductor and the second output conductors extend 
from a unitary platform conductive frame that is electrically 
connected to the ground plane of the platform printed circuit 
board. The second output conductor and the second input 
conductors extend from and form part of the unitary plat- 
form conductive frame structure. Typically, the platform 
conductive frame is positioned underneath the platform 
printed circuit board. Preferably, the platform conductive 
frame is used as a ground plane for the vohage regulator 
circuit and for conducting ground current to the micropro- 
cessor through one or more of the "legs" of the mounting 
platform. Because the platform conductive frame acts as 
ground, the ground plane of the platform printed circuit 
board is no longer required. 

The mounting platform offers a practical and cost-efficient 
way to locate a very high cunenl voltage regulator in close 
proximity to the microprocessor chip without significantly 
reducing the amount of board space available for logic 
circuits peripheral to the microprocessor. The motmting 



voltage regulator supplies a high level of DC current and 
minimizes the uncertainty in voltage drops between the main 
power supply and the microprocessor. 

Although a voltage regulator circuit provides tight voltage 
regulation, it must be placed in close proximity to the 
microprocessor. If the voltage regulator is too far from the 
microprocessor, impedance between the voltage regulator 
and microprocessor increases, causing poor voltage regula- 
tion at the mia-oprooessor. Further, an increase in impedance 
decreases speed and increases voltage drops. As the clock 
speed requirements for microprocessors increase, increases 
in impedance become less and less acceptable. 

Aproblem with positioning the voltage regulator circuit in 
close proximity to the microprocessor is that other periph- 
eral devices that work with the microprocessor may be 
displaced. For example, memory chips, etc. also need to be 
in close proximity to microprocessor. Thus, the voltage 
regulator circuit uses up a significant amount of board space 
which could otherwise be used efifectively for the placement 
of cache memory or other integrated circuits peripheral to 
the microprocessor, which also need to be close to the 
microprocessor for reasons of signal integrity. Further, 
because space constraints are so tight, it is diflBcult to 
customize a board for the customer by adding different 
optional components since board space near the micropro- 
cessor is so limited. 

A method and apparatus for locating a voltage regulator 
circuit close to microprocessor while minimizing the 
required board space and minimizing impedance is needed. 

SUMMARY OF THE INVENTION 

The present invention is a mounting platform for place- 
ment of a first device on a first plane in close proximity to 
a second device on a second plane. In the preferred 
embodiment, the first device is a voluge regulator circuit, 
the second device is a microprocessor, the first plane is the 



35 



40 



45 



50 



55 



60 



65 



11/19/2003, EAST Version: 1.4.1 



us 6,175409 Bl 

3 4 

platform is mechanicaJly stable and Ls resistant to high levels micrc^rocessor. However, for reasons including eflScienl 

of shock and vibration. Further, the conductive portions of heat dissipation, etc. the mounting platform is not placed 

the legs and the platform conductive frame of the mounting directly over the microprocessor. Instead, the mounting 

platform act as heat sinks, prosading iiicrcascd cooling for platform 100 is typically placed adjacent to the micropro- 

the system. In addition, the platform conductive frame and 5 cesser 126. The output power leg 116b of the mounting 

the platform legs of the mounting platform provide shielding platform, the leg carrying power from the voltage regulator 

to isolate the voltage regulator circuit from the micropro- to the microprocessor, should be placed as close to the 

cesser circuit. microprocessor 126 as possible. 

A further understanding of the nature and advantages of FIG. 2 shows a side cross-sectional view of the output leg 

the invention described herein may be realized by reference nsb of the mounting platform shown in FIG. 1. Referring 

to the remaining portions of the specification and the draw- to FIG. 2 shows that the platform printed circuit board 110 

iogs. includes a first electrical contact 132 and a second electrical 

^^.^^ ^.T- .,,,w,.,^c. contact 134, The first electrical contact 132 is formed on the 

BRIEF DESCRiraON OF TOE DRAWU^GS g^, ^ ^j^^^^ PCB UO a-d is t„icaUy 

FIG. 1 shows the mounting platform acconling to the is connected to the platform power plane. Power plane means 

preferred embodiment of the present invention. an electrical network which connects a common voltage to 

FIG. 2 shows a side cross-sectional view of the output leg a number of circuit nodes. The platform PCB and the base 

of the mounting platform shown in FIG. 1. PCB may have a plurality of power planes and may have a 

HG. 3 shows a partial exploded view of the mounting corresponding electrical contaa for each of the power plane, 

platform shown in FIG. 1. ^ The second electrical contact 134 is formed on the second 

FIG. 4 shows a mounting platform according to an surface of the platform PCB 110 and is typically connected 

alternative embodiment of the present invention. to ^he platform ground plane. SimUarly, the base PCB 

HG. 5 shows a side cross-scctional view of the output leg typically includes a first electrical contact 136 and a second 

of the mounting platform shown in FIG. 4. ^ «f ^''l ^.""T J^^ .t t 

^ formed cn the second surface of the base PCB 124 and is 

DETAILED DESCRIPTION OF THE typically connected to the base power plane while the 

PREFERRED EMBODIMENTS second electrical contact 138 is fonned on the first surface 

HG. 1 shows a mounting platform 100 according to a first 128 of the base PCB and is typically electricaUy connected 

embodiment of the invention. The mounting platform 100 is ^ ^^^^e ground plane. 

comprised of a platform top 108 including a platform printed The mounting platform 100 includes a plurality of elon- 

circuit board 110 thai includes a first electrical contact 132 gate legs 116a-116c, including at least an output power leg 

and a second electrical contact 134 and a plurality of 1166. Preferably, the mounting platform 100 further includes 

elongate legs induding an input leg 11 6a, an output power an input power leg 116a and a support leg 116c. The output 

leg 116*, and at least a first support leg 16c. The platform 35 power leg lX6b includes a first output conductor having a 

printed circuit board 110 has a first surface 118 and a second first surface 146 and a second surface 148, a second output 

surface 120. Typically, the first electrical contact 132 is conductor ISO having a first surface 152 and a second 

formed on the first surface 118 of the platform printed circuit surface 154, and an output power insulator 156 positioned 

board UO and the second electrical contact 134 is formed on between the first surface 146 of the first output conductor 

the second surface 120 of the platform printed circuit board ^ 144 and the first surface 152 of the second output conductor 

110. 150. Similarly, the input power leg 116a includes a first input 

In the preferred embodiment the mounting platform 100 conductor 160 having a first surface 162 and a second 

is mechanically and electrically coupled to a base printed surface 164, a second mput conductor 166 having a first 

circuit board 124. The mounting platform 100 is configured surface 168 and a second surface 170, and an input power 

so that a second device 126 on the first surface 128 of the 45 insulator (not shown) positioned between the first surface 

base PCB 124 is in close proximity to a first device 130 on 1<»2 of the first input conductor 160 and the first surface 168 

the first surface of the U8 of the platform PCB 110. In the of the second input conductor 166. TypicaUy the mput and 

preferred embodiment, the fir^t device 130 is a voltage output conductors are made of solid, copper with plating 

regulator circuit, the second device 126 is a microprocessor, suitable for electncal contact. 

the first plane is the first surface 118 of the platform printed 50 The first and second output conductors 144, 150 and the 

circuit board (PCB), and the second plane is the first surface first and second input conductors 160, 166 form low imped- 

128 of the base printed circuit board. The voltage regulator ance transmission lines at high frequencies. Thus, preferably 

130 is mounted on a first surface 118 of the platform printed the output power insulator 156 and the input power insulator 

circuit board 110 and is electrically coupled to the platform not shown have a high dielectric constant. The configuration 

printed circuit board 110 while the microprocessor 126 is 55 of two power conductors separated by an insulator, provides 

mounted to and electrically coupled to the first surface 128 distributed capacitance between the power conductors, low- 

of the base printed circuit board 124. ering the AC impedance of the system. In an alternative 

Mounting the voltage regulator circuit 130 over the base embodiment, no insulator other than air is positioned 

printed circuit board 124 allows both the voltage regulator between the power conductor surfaces, however, this 

130 and other peripheral logic chips 131 to be positioned 60 decreases system performance. Further, in this alieroaUve 

close to the micioprocessor 126. The mounting platform can configuration it is critical that the conductor surfaces do not 

be placed close to the load vrithout using a significant touch to create a short. 

amount of board space near the load. This is advantageous In the prefened embodiment, the mounting platform 100 

in circuits such as microprocessors which arc high speed and includes a support leg 116c. In the embodiment shown in 

which use relatively large currents at a low voltage. 65 FIGS. 1 and 3, the support legs 116c are conductive structure 

Theoretically, the entire mounting platfonn or a portion of that extends from the platform conductive frame 140. In the 

the mounting platform could be physically located over the configuration shown in FIGS. 1 and 3, the support leg 116c 
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is preferably coupled lo ground. In the configiiraUon shown 
in FIG. 4, the support leg 116c is a sUnd-off that provides 
mechanical support but is not necessarily electrically 
coupled to grouod. 

In the embodiment shown in FIG. 2, the input power leg 
116<7, the output power leg 1166, and the support leg 116c 
arc electrically and mechanically coupled to the platform- 
printed circuit board 110, Various connection means may be 
used for connecting the input power leg 116fl, output power 
leg 1166 and support leg 116c including soldering the legs 
116a-116c to the platform printed circuit board 110 or 
alternatively by using the bus bar described in the patent 
application entitled "A Power Bus Bar for Providing a Low 
Inapedance Connection between a First and Second Printed 
Circuit Board" filed May 14, 1997 which is hereby incor- 
porated by reference. However, in the preferred embodiment 
a second end of the output power leg 116b and a second end 
of the input power leg 116a are mechanically and electri- 
cally coupled lo the platform PCB using a fastening means 
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electrically coupled to the power plane. Similarly, in the 
preferred embodiment the second electrical contact 134 of 
the platform printed circuit board is connected to the ground 
plane of the platform printed circuit board and the second 
electrical contaa 138 of ihe base printed circuit board is 
electrically coupled to the ground plane of the base printed 
circuit board. 

The first output conductor is electrically coupled lo the 
first electrical contact of the platform PCB and the first 
electrical contact of the base PCB. Similarly, the second 
output conductor is electrically coupled to the second elec- 
trical contact of the platform PCB and the second electrical 
contact of the base PCB. Thus, the output power leg elec- 
trically connects the output voltage of the voltage regulator 
to the power plane of the base PCB and electrically connects 
the ground plane of the platform PCB to the ground plane of 
the base PCB. Hie first output conductor typically carries the 
output power of the voltage regulator to the microprocessor. 
The second output conductor connects the ground plane of 



174 and the first end of the output power leg 1166 and the ^ the platform PCB to the ground plane of the base PCB. 



first end of the input power leg 116a are mechanically and 
electrically coupled to the base PCB 124 by soldering the 
first end of the output power leg 1166 and the input power 
leg 116a to the base PCB 124. 

Preferably the first end of the mounting platform legs 
116fl-c is narrowed to form one or more tabs for easy 
insertion into the base printed circuit board 124. The tab at 
the end of the platform legs is positioned adjacent to and in 
close proximity to the load (the microprocessor). Referring 
to FIG. 2, the tab at the end of the platform legs is typically 
soldered to the base printed circuit board which provides a 
good electrical and mechanical connection. The soldering 
can be of the "through-hole" type (illustrated) or the "sur- 
faccmount" type. 

In the embodiment shown in FIG. 2, the first end of the 
first output conductor 144 and the first end of the second 
output conductor 150 are soldered to the base PCB 124. The 
first end of the first output conductor 144 is soldered to the 
first base electrical contact 136. The first end of the second 
output conductor 150 is soldered to the second base elec- 
trical contact (the ground plane). Similarly, the first end of 
the first input conductor and the first end of the second input 
conductor are soldered to the base PCB 124. 

Because the first output conductor 144 is electrically 
coupled to a different electrical contact than the first input 
conductors 160, the voltage to which the first output con- 
ductor is preferably coupled is different than the voltage that 
the first input conductor is coupled to. For example, the first 
input conductor could be electrically coupled to a 5 volt 
input voltage while the first output conductor (the power 
going to the microprocessor) could be coupled to a 3.3 volt 
output voltage. 

Referring to FIG. 2, the second end of the output con- 
ductor 144 is electrically coupled to the platform PCB 110 
usiiig a fastening means 174 which applies pressure to push 
the two output conductors together to make a good electrical 
contact to both surfaces of the platfonn PCB. The fastening 
means 174, typically includes a screw ^cfa is inserted 
through openings in the platform PCB, the first and second 
output conductors and a threaded fastener 176, 144, 150. 

Typically, both the platform printed circuit board 110 and 
the base printed circuit board 124 have a power plane and a 
ground plane. Preferably, the first electrical contact 132 of 
the platform printed circuit board is connected to the power 
plane of the platform printed circuit board and the first 
electrical contact 136 of the base printed circuit board is 
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Typically, the platform printed circuit board 110 has a 
third electrical contact formed on the first surface of the 
platform PCB 110 and a fourth electrical contact formed on 
the second surface of the platform PCB. Similarly, the base 
printed circuit board 124 has third electrical contact formed 
on the second surface of the base PCB 110 and a fourth 
electrical contact formed on the first surface of the base 
PCB. Preferably, the third electrical contact of the platfonm 
PCB is electrically coupled lo the third electrical contact of 
the base printed circuit board by the first input conductor. 
Similarly, in the preferred embodiment ibe fourth electrical 
contact of the platform PCB is connected to the fourth 
electrical contact of the base PCB by the second input 
conductor. 

The first input conductor is electrically coupled to the 
third electrical contact of the platform PCB and the third 
electrical contact of the base PCB. Similarly, the second 
input conductor is electrically coupled to the fourth electri- 
cal contact of the platform PCB and the fourth electrical 
contact of the base PCB. Thus, the input power leg electri- 
cally connects the input power plane of the platform PCB to 
the appropriate power plane of the base PCB and electrically 
connects the input ground plane of the platform PCB to the 
ground plane of the base PCB. The first input conductor 
typically carries the input power to the voltage regulator. 
The second input conductor connects the ground plane of the 
platform PCB to the ground plane of the base PCB, 

The elongate legs 116fl-c are positioned so that first 
surface of base printed circuit board is generally parallel to 
the first surface of the platform printed circuit board. In an 
alternative embodiment, the mounting platform includes 
only an output power leg 1166 and not an input power leg. 
In this case, the input power must be electrically coupled to 
the device on the mounting platform in an alternative 
fashion. For example, the input power might be connected to 
the platform PCB using a cable that is electrically coupled 
to the base PCB. 

FIG. 3 shows a partial exploded view of the mounting 
platform shown in FIG. 1. In the embodiment shown in FIG. 
3, the platform top 108 is comprised of a platform printed 
circuit board 110 and a platform conductive frame 140. In 
the embodiment shown in FIG. 3, the second input conduc- 
tor and the second output conductor extend from the plat- 
form conductive frame. Typically, the platform conductive 
frame is positioned underneath the second surface of the 
platform printed circuit board. Typically the platform con- 
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ductive frame is electrically coupled to the ground and is top are electrically and mechanically coupled by a 

used as the ground plane for the voltage regulator circuit and festcning ineans. 

for conducting ground current through the second output 2. The mounting platform configuration recited in claim 1 

conductor and the second input conductors to the base PCB. wherein the platform printed circuit board further includes a 

Although preferably the platform conductive frame is a s third electrical contact and a fourth electrical contact, 

unitary structure, it may include openings to prevent short- whcjeiij the base printed cjcuit board further inchides a 

ing of conducUve components on the second surface of the f »ertncd contact and a fourth cleclncal contact, 

platform PCB i»1ierem the phirahty of conductive legs further mcludcs at 

^ ' , r .- least one input leg. the input leg including a first input 

no. 4 shows a mounting platform accordmg to an conductor and a second input conductor, wherein the first 

ahernaiive embodiment of the present mvention. In the lO ^^^^ conductor is gencraUy parallel to the second input 

embodiment shown in FIG. 3, the platform top is comprised conductor, wherein Ibe first input conductor is electrically 

of a platform PCB and does not include a platform conduc- isolated from the second input conductor, wherein the first 

tive frame as is shown in the embodiment in FIGS. 1-3 . FIG. input conductor is electrically coupled to the third electrical 

5 shows a side cross-sectional view of the output leg of the contact of the platform printed circuit board and the third 

mounting platform shown in FIG. 4. Comparing FIG. 3 to ^5 electrical contact of the base printed circuit board, wherein 

FIG. 5, the second output conductor 150 slvswn in FIG. 5 is the second input conductor is electrically coupled to the 

a separate structure and is not formed as a unitary part of the fourth electrical contact of the platform printed circuit board 

ground plane of the platform PCB. and the fourth electrical contact of the base printed circuit 

It is understood that the above description is intended to - , ^ ^ . ^ . , • 

be Ulustranve and not restrictive. For example, the structure ^ 3. TTie mounUng pUtform configuration recited in claim 2 

of the input power leg and the output power leg are similar ^herein the first device is a volUge regulator and the second 

and typically functional and structural statements made for * microprocessor. % ^ • , -i 

^, . ^ ■, , . . . 1 4. The mounting platform configuration recited in claim 3 

^e input power leg are analagous to the output power leg^ ^^^^^^.^ ^^^^ ^^^^P ^^^^ ^^.^^^^ 

The scope of the mvenuon should therefore be determmed ^^^^ microprocessor. 

not with reference to the above description, but instead ^ g -j^^ counting platform recited in claim 3 wherein the 
should be determmed with reference to the appended claims, ^^^p^j ^ ^ carrying power from the voltage regulator 
along with the full scope of equivalents to which such claims microprocessor, wherein the output leg is placed in 
are entitled. close proximity to the microprocessor. 
What is claimed is: 6. The mounting platform configuration recited in claim 2, 
1. A mounting platform configuration, comprising: further including an input leg insulator positioned between 
a platform top including a platform printed circuit board, the first input conductor and the second input conductor, 
the platform printed circuit board including a first 7. The mounting platform configuration recited in claim 2 
electrical contact formed on a first surface of the wherein the output conductor and the second output con- 
platform printed circuit board and a second electrical ducior form a low impedance transmission line at high 
contact formed on a second surface of the platform frequencies. 

printed circuit board- mountmg platform configuration recited m claim 1, 

/ - . . J ' ,L c . e r.L 1 »r further including an output Icg insulator positioned between 

a first device mounted on the first surface of the platform ^j^^ ^ conductor and the second output conductor, 

printed circuit board, wherem the first device is elec- ^ .j^^ mounUng platform configuration recited in claim 8 

trically coupled to the platform printed arcuit board; wherein the output leg insulator has a high dielectric con- 

a base printed circuit board, the base printed circuit board stant. 

including a first electrical contact formed on a second 10. The mounting platform configuration recited in claim 

surface of the base printed circuit board and a second 1 wherein the platform printed circuit board includes a 

electrical contact formed on a first surface of the base ground plane electrically coupled to the second electrical 

printed circuit board; 45 contact of the platform printed circuit board. 

a second device mounted on the first surface of the base U. the mounting platform configuration recited in claim 

printed circuit board; and 1 further including a platform conductive frame wherein the 

a plurality of conductive legs, including at least one second output conductor of the output leg extends from the 

output leg for mcchanicaUy supporting the platform platform conductive frame. 

printed circuit board in a position above the base 50 12. The mounting platform configuration recited in claim 

printed circuit board such that the second surface of the h wherein at least one support leg extends from the platform 

platform printed circuit board is positioned above the conductive frame to provide additional mechamcal support, 

first surface of the base printed circuit board by a 13. The mounting platfonm configuration recited in claim 

distance that is at least a thickness of the second device, H. wherein the platform conductive frame is electrically 

the output leg including a first output conductor and a ss coupled to a ground plane. 

second output conductor, wherein the first output con- 1^. The mounting platform configuration recited m claim 

ductor is generaUy parallel to the second output H. wherein the fastening means is a screw, 

conductor, wherein the first output conductor is elec- 15. A mounting platform configuration, comprising; 

trically isolated from the second output conductor, a platform top inchiding a platform conductive frame and 

wherein the first output conductor is electrically 60 a platform printed circuit board, the platform printed 

coupled to the first electrical contact of the platform circuit board including a first electrical contact formed 

printed circuit board and the first electrical contact of on a first surface of the platfonm printed circuit board 

the base printed circuit board, wherein the second and a second electrical contact forrned on a second 

output conductor is electrically coupled to the second surface of the platform printed circuit board; 

electrical contact of the platform printed circuit board 65 a first device mounted on the first surface of the platform 

and the second electrical contact of the base printed printed circuit board, wherein the first device is elec- 

ciFcuit board, wherein the output leg and the platform trically coupled to the platform printed circuit board; 
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base printed circuit board, the base printed circuit board 
including a first electrical contact formed on a second 
surface of the base printed circuit board and a second 
electrical contact formed on a first surface of the base 
printed circuit board; s 

second device mounted on the first surface of the base 
printed circuit board; and 

plurality of conductive legs, including at least one input 
leg and at least one output leg for mechanically sup- 
porting the platform printed circuit board in a position lo 
above the base printed circuit board such that the 
second surface of the platform printed circuit board is 
positioned above the first surface of the base printed 
circuit board by a distance that is at least a thickness of 
the second device, the ou^ut leg inchiding a first output 15 
conductor and a second output conductor, wherein the 



10 



first output conductor is generally parallel to the second 
output conductor, wherein the first output conductor is 
electrically isolated from the second ouiput conductor, 
wherein the first output conductor is electrically 
coupled to the first electrical contact of the platform 
printed circuit board and the fiist electrical contact of 
the base printed circuit board, wherein the second 
output conductor is electrically coupled to the second 
electrical contact of the platform printed circuit board 
and the second electrical contact of the base printed 
circuit board; wherein a first end of the input leg is 
electrically and mechanically coupled to the base 
printed circuit board by soldering. 
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